Cartilage lesions are frequent in routine knee arthroscopy (63%). Among these injuries, 11-23% are located in patella and 6-15% in the trochlea. Treatment of cartilage lesions in patellofemoral joint (PFJ) represents a challenge because of its complex access, high axial loading, and shearing forces. These factors explain the 7% of good results in the PFJ versus 90% in femoral condyles for autologous chondrocyte implantation (ACI). Microfracture (MF) as the first line of treatment has revealed limited hyaline-like cartilage formation in comparison to ACI. This fibrocartilage deteriorates with the time resulting in inferior biomechanical properties. Important issues that enhance the results of cartilage repair procedures in PFJ are associated with the restoration of the joint balance as unloading/realigning techniques. In the literature, there is no description of any convenient arthroscopic technique for ACI. The reported techniques usually require to set up the patient in prone position to perform the arthroscopy making it difficult to treat associated knee malalignment or instability. Others are open techniques with more risk of morbidities, pain, and complications and longer recovery time. In this chapter, we will describe a novel all-arthroscopic technique to treat cartilage lesions in the patella that permits the correction and treatment of associated lesions in the same patient position.
Introduction
The patella is the biggest sesamoid bone in the body. The main functions of the patella are to direct forces of the quadriceps and to protect the deeper knee joint and the quadriceps tendon from frictional forces [1, 2] . Posteriorly the patella is covered by a thick hyaline cartilage which decreases friction in the PFJ and allows a correct and smooth flexion of the knee. The patella contact area changes when knee flexion increases showing maximum contact between 60 and 90° of flexion.
The patellofemoral pain syndrome is very common in the general population. It is often seen in young people with high physical activity level in both competitive and recreational sports. Patellar malalignment and instability with or without articular cartilage lesions (ACL) are usually the source of pain. Repetitive microtrauma as well as acute severe trauma can lead to damage of the articular cartilage of the patella and when those lesions are not treated produces severe pain, disability, and poor quality of life. The accurate detection and treatment of ACL are essential for the proper function of the knee. However, when those lesions are left untreated, it can alter normal distribution of weight-bearing forces and may lead the development of early osteoarthritis (OA) [3] .
Articular cartilage injuries are commonly found in knee arthroscopies (61-63%). The majority of these lesions are found in the medial femoral condyle (58%), while chondral lesions affecting the patella are the second most common (11%) location [4, 5] . Hielle et al. found that 17% of patients having arthroscopy had an articular cartilage injury located in the patella or trochlea [4] . Nomura et al. also found 35 patients with severe articular cartilage injuries in the patella out of 37 patients with a first-time acute patellar dislocation [6] . Articular cartilage lesions of the PFJ can be especially challenging because of the complex biomechanical environment and the significant forces experienced within this compartment during weightbearing activity. Given the poor intrinsic capacity of cartilage to heal, surgical intervention is often necessary for symptomatic relief.
Basic nonsurgical management is recommended as an initial treatment modality to treat chondral lesion of patellofemoral joint for at least 6 months [7] . This option is recommended for patients without significant pain and without mechanical symptoms. Anti-inflammatory medications, activity modification, weight loss, and muscle strengthening have been shown to improve pain [8, 9] . However, surgical management is recommended when symptoms are persistent despite the nonsurgical treatment and when the function is limited by symptoms.
Surgical options depend on the lesion size, depth, location, and status of the underlying subchondral bone. Microfracture, ACI, DeNovo juvenile chondrocyte implantation, osteochondral autograft transfer, and osteochondral allograft transplantation are considered cartilage restoration procedures for PFJ.
Autologous chondrocyte implantation is currently the preferred and most effective procedure in the management ACL. Microfractures have shown great short-term results for well-contained lesions less than 2 cm 2 ; however, 47-80% of patients have shown functional deterioration between 18 and 36 months after microfracture technique. Some authors attribute this decline to incomplete defect filling and poor integration with the surrounding normal cartilage as well as an inferior capacity of the fibrocartilage to resist articular stress [10] [11] [12] [13] [14] . ACI is considered a first-line surgical treatment in large lesions (>4 cm 2 ) and in secondary treatment for patients with persistent symptoms following treatment with another procedure [15] . However, outcomes of ACI in PFJ have shown mixed results. Pascual-Garrido et al. reported a statistically significant improvement in patients treated with isolated ACI on the basis of several functional scoring systems as well as a 71% satisfaction rate in patients [16] . In a followup by Brittberg et al., 81% of the patients had good to excellent results at 2 years and 83% at 5-11-year follow-up [17] .
ACI performed in conjunction with anteromedialization (AM) of the patella for the correction of malalignment has shown better results with significant improvements in functional and satisfaction outcomes [16] .
As with most orthopedic procedures, less invasive procedures such as arthroscopy are being preferred because of the decreased associated comorbidity and the accelerated postoperative rehabilitation for earlier return to full physical function [18] . Biant et al. found that the viability of cells in ACI technique was 16 times higher for open approach-delivered implants than those delivered arthroscopically. However, no clinical outcomes were evaluated since it was a cadaveric experiment [19] . On the other hand, Edwards et al. showed that patients with arthroscopic ACI required a significantly shorter hospital stay after their procedure and presented fewer post-surgery complications than those who underwent ACI performed through a mini-open arthrotomy [20] .
Recent advances in our understanding of focal chondral lesions, surgical techniques, and surgical technology have provided a new array of treatment options for symptomatic patients with cartilage lesions of the PFJ. The aim of the present chapter is to describe a surgical procedure for the arthroscopic ACI in the patellofemoral joint.
Arthroscopic chondrocyte implantation in the PFJ
Before implantation surgery, a knee arthroscopy was performed for biopsy. Two to three osteochondral cylinders of 4-mm diameter were taken from a non-weight-bearing area of the knee (Figure 1 ). Samples were processed in the laboratory for chondrocyte isolation, in vitro expansion, and cell-polymer construct formation as Masri et al. described [21] . In a second arthroscopic procedure, the constructs with cultured chondrocytes were implanted.
After regional anesthesia the patient was settled in supine position; the knee was prepared and draped in a conventional manner. A tourniquet was placed around the proximal thigh, although normally it was not insufflated. A conventional longitudinal anterolateral portal was established for arthroscopic examination of the knee joint using a superolateral portal for irrigation. The articular cartilage injury was identified, measured, and prepared for construct implantation.
Arthroscopic chondrocyte implantation in the trochlea
Cartilage lesion was measured and debrided to leave stable walls (Figure 2A) . When the lesion was in the medial trochlea, an oblique anteromedial portal was established over the lesion to have perpendicular access. If the lesion was on the lateral trochlea, the anterolateral portal was extended proximally or distally to allow perpendicular access. A 2-mm hole was made in the center of every centimeter of cartilage lesion. An absorbable 1.9-mm anchor (MINILOK, Depuy Synthes Mitek, Raynham, MA) with 0-PDS suture (Ethicon, Somerville, NJ) was inserted through the anteromedial or anterolateral portal (Figure 2B-D) . The cellscaffold disk was prepared on the side table. An 8-mm transparent cannula was then inserted through the portal directly over the lesion, and the sutures from the anchor were pulled outside the joint through an arthroscopic cannula ( Figure 2E) . The anchor sutures were passed in the construct through two needles (20 G × 32 mm); the construct was slide into the joint to place it in the bottom of the cartilage lesion. A self-locking arthroscopic sliding knot was used to fix the implant (Figure 2F) . Once the construct was sitting in place at the bottom of the lesion, the knot was tightened by pulling on the wrapping limb of the suture, and two additional half-hitch knots were tied with the assistance of a knot pusher. The sutures were then cut flush to the knot and the cannula was retrieved. Stability of the implant was then tested with the probe, and the knee was taken through a range of motion to verify the stability and permanence of the implant at the repair site.
Arthroscopic chondrocyte implantation in patella
Implantation of constructs in patella is performed with the use of an anterior cruciate ligament tibial guide (ACUFEX; Smith-nephew, Andover, MA) with different grades of angulation. Standard arthroscopy evaluation is done to evaluate additional lesions.
The cartilage lesion is identified, measured, and debrided. The tibial guide is introduced either through medial or lateral portal to have easy access to the lesion ( Figure 3A) . Using the elbow aimer of the tibial guide, the angle was adjusted depending on the better position of the tip over the center of the lesion (Figure 3D) . Two holes are drilled with a cable wire (Kirschner 0.062″) from the anterior cortex of the patella to the subchondral bone ( Figure 3B and E); the holes are placed in the center of every 10 mm of cartilage lesion. The cable wires are left in place, while the tibial guide is removed from the joint. A 15-mm skin incision is performed anterior to the patella connecting the two cable wires ( Figure 3C ). Deep dissection is performed until the periosteum to identify the cable wires; then those are removed with the drill, and a wire passer (CHIA PERCPASSER, Suture Passer Depuy Synthes Mitek, Raynham, MA) is inserted in every hole from anterior cortex of the patella to the inside until the chips are visible and accessible into the joint space by the scope (Figure 3F) . The chia tip is advanced into the joint and is grabbed with a grasper from either medial or lateral portals. (D) Once the PDS is placed in position, needles are removed, the ends of the PDS are introduced in the loop of every chia passer, and the construct is pulled slowly through a 10-mm cannula.
In the back table, the construct was prepared before using two percutaneous needles (20 G × 32 mm) that were inserted in the center ( Figure 4A) . One 0-PDS suture is folded, and its ends are passed in the construct through the needle tips ( Figure 4B and C) . Once PDS is placed in the center of the construct, needles are removed.
A 10 mm cannula is placed in the chosen portal where the chia passers were grabbed; every end of the 0-PDS suture with the construct is introduced in the loop of the wire passer and then pulled to introduce the construct into the joint (Figure 4D) . Once the construct is placed in the bottom of the lesion (Figure 5A) , a non-sliding knot was performed and tied over the anterior cortex of the patella outside the joint ( Figure 5B ). Steps are repeated if more than one construct is needed. Portals and accessory incision are closed in the traditional manner.
Conclusion
Arthroscopic autologous chondrocyte implantation in the PFJ is a reproducible and safety technique that permits the early recovery of the patient and the treatment of concomitant lesions as patellar realignment and/or ligament reconstruction.
Take-home points
• The described technique is recommended for focal cartilage lesions with healthy and stable cartilage around the lesion.
• During the lesion debridement, it is necessary to leave stable walls of normal cartilage and take out the calcified layer.
• Correction of associated lesions as instability or malalignment is mandatory to enhance better results in the treatment of cartilage lesions of PFJ.
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Important considerations
Surgical treatment for cartilage lesions in PFJ is recommended when patient has persistent symptoms despite conservative treatment
Satisfactory results are reported in the treatment of isolated cartilage lesions in the patella with ACI (65%); however, when ACI was combined with unloading tibial tubercle osteotomy (AMZ), better results are found (85%)
Clinically both microfracture and autologous chondrocyte implantation improve significantly over time after treatment. However, studies have demonstrated that quantitative assessment with T2-mapping in ACI is more similar to native cartilage than microfracture after 12 months.
Indications for proposed technique in PFJ cartilage lesions
Lesion Technique
Focal lesion medial facet + patellar dislocation Arthroscopic ACI + MPFL reconstruction 
